WELL-CONTROLLED observations proving the therapeutic value of liver in the treatment of Addisonian pernicious anemia were first published in 1926. Since that date a group of anzmias has been isolated which all respond to treatment with liver or liver extract. Included in this group are (i) tropical megalocytic hyperchromic anemia, (ii) Addisonian pernicious anaemia, (iii) pernicious anaemia of pregnancy, (iv) tropical sprue, (v) megalocytic hyperchromic anaemias associated with Dibothriocephalus latus infestation, lesions of the gastro-intestinal tract and diseases of the liver. These anemias have certain morphological features in common; they are all megalocytic and hyperchromic while the bone-marrow shows hyperplasia of the more primitive red cells. Physical signs and other laboratory findings, such as the character of the gastric secretion, may be variable. Since these antemias all respond to treatment with liver or liver extracts they are presumably due to a deficiency of some heemopoietic factor in liver which for brevity may be called the P.A. factor. Some members of the group respond as satisfactorily to preparations of whole stomach or autolysed yeast as they do to whole liver. It is important, therefore, to understand what the relationship of the haemopoietic factor in liver may be to somewhat similar factors in stomach and autolysed yeast, how these factors exert their effect in the body, and by what mechanisms a deficiency is brought about in pathological conditions. The hamopoietic principle in liver.-The hemopoietic principle in liver effective in Addisonian pernicious anaemia is a relatively small, predominantly basic, nitrogenous compound, which is thermostabile and readily extracted by alcohol (Cohn, McMeekin and Minot, 1930) . It is elaborated in the body by the interaction of some substance present in beef muscle and in autolysed yeast-the extrinsic factor, with a substance secreted by the stomach-the intrinsic factor (Castle, 1929; Strauss and Castle, 1932) . This product of gastric digestion is presumably absorbed at some further point in the intestinal canal and finally stored in the liver (Wilkinson and Klein, 1934) . It is usually assumed that the liver serves merely as a storehouse. There is evidence that the intrinsic factor secreted by the stomach is probably an enzyme (Wilkinson and Klein, 1933) . Little is known of the chemical nature of the extrinsic factor. It is found in autolysed yeast, in beef-muscle, in wheat-germ and in egg-yolk. Its presence in unautolysed yeast is still open to question (Wills, 1933; Ungley and James, 1934; Lassen and Lassen, 1934) . It is probably not vitamin B1, B2, or B4, as has been suggested. It would appear to be some product of protein breakdown, since it occurs in substances rich in protein, and autolysis of any substance in which it is present enhances the potency of that substance (Wills, 1933; Wills and Naish, 1933; Ungley and James, 1934) .
Ha?mopoietic factor in whole stomach.-A haemopoietic factor effective in megalocytic hyperchromic anaemias has been demonstrated in the dried stomach of hogs (Sturgis and Isaacs, 1929; Wilkinson, 1930) and of foxes (Wilkinson, 1933) .
There is indirect evidence that a similar factor is present in the stomach of some, but not all, guinea-pigs (Jacobson, 1934) . It is not found in the stomachs of dogs, cows, and sheep (Wilkinson, 1933) . Haemopoietin, as the stomach factor has been called (Wilkinson and Klein, 1933) , is presumably not identical with the P.A. principle in liver since the chemical properties of the two factors appear to differ. It is impossible to extract the effective principle from stomach by methods that are practical in the case of liver. Stomach extracts given by parenteral injection are inactive while liver extracts given in this way are extremely effective. Autolysis, which enhances the activity of liver, destroys that of stomach (Wilkinson and Klein, 1933) . The stomach principle is thermolabile, while the effective principle in liver is thermostabile, Wilkinson and Klein (1933) have suggested, as the result of well-controlled observations on the effect of incubation of haemopoietin with beef-muscle, that haemopoietin is of the nature of an enzyme, probably Castle's intrinsic factor, which acts upon an unknown constituent of beefmuscle, gastric muscle, or autolysed yeast, sources of Castle's extrinsic factor, to form the P.A. factor, which is then stored in the liver. Hog's stomach is effective in treatment because dried stomach contains both the extrinsic factor in the muscle and the enzyme in the mucosa, while possibly the P.A. factor also is formed during preparation.
Addisin.-The claim that concentrated gastric juice contains yet another hasmopoietic factor which has been called " addisin " (Morris et al., 1933) is probably open to other interpretation. Careful observations suggest that though a hbmopoietically active substance may be demonstrated in gastric juice concentrated by vacuum distillation, it is only found after some definite change in the gastric juice has taken place (Fouts, Helmer and Zerfas, 1934) . The hsemopoietic substance is formed presumably by the action of intrinsic factor upon some extrinsic factor. In the observations in question extrinsic factor was probably provided by desquamated gastric cells and partially digested food, or may have arisen from protein substances known to be present in gastric juice (Fouts, Helmer and Zerfas, 1934) .
Hemopoietic factor in autolysed yeast.-Autolysed yeast in the form of marmite is effective in certain megalocytic hyperchromic aneemias only. It is as powerful a therapeutic agent as liver in certain cases of megalocytic hyperchromic anemia associated with idiopathic steatorrhcea (Vaughan and Hunter, 1932) , and in tropical megalocytic anaemia (Wills, 1931) . It may exert some effect in rare cases of Addisonian pernicious anaemia and in megalocytic hyperchromic anaemias following gastric operations, but this is not usually maximal and may be completely absent. Extracts of marmite given by parenteral injection are without effect, even in those cases, in which, when given by mouth, they cause a reticulocyte response (Ungley and James, 1934) . These observations suggest that marmite is a rich source of extrinsic factor and is only an effective therapeutic agent when, the stomach still retains power to secrete some intrinsic factor.
Mode of action.-Nothing is known of the actual way in which the P.A. principle exerts its action. It is effective in extremely small quantities and can apparently be stored in the body, since it is possible to initiate a complete remission bv giving by intramuscular injection 10 c.c. of a potent extract prepared from 100 grams of liver and to maintain a satisfactory red-cell count in the neighbourhood of 4,500,000 by an average maintenance dose of 2 c.c. of extract once a week. A larger dose may be given at longer intervals if preferred.
Though the mode of action of the P.A. factor is unknown, the character of the therapeutic response is consistent. A deficiency of the P.A. principle leads to an arrest of red-cell development at or near the level of the ha3mocytoblast. There is extensive hyperplasia of the marrow throughout the skeleton but the haemocytoblasts are unable to develop and pass into the blood-stream as mature red cells. When the P.A. principle is given there is immediate development of the haemocytoblasts evidenced by the outpouring into the peripheral blood-stream of immature red cells of all types. The degree of response is most conveniently estimated by counting the number of reticulocytes. The number that reach the peripheral stream is directly related to the number of red-cells at the beginning of treatment. When the P.A. principle is given by intramuscular injection the peak of the rise will be higher than when it is given by mouth but the total number of reticulocytes put out in response to both types of treatment is the same. This effect of the P.A. principle upon the maturation of the h mocytoblasts is entirely specific. In idiopathic hypochromic ancemia there is maturation arrest at the level of the normoblast and the P.A. principle is without effect.
Causes of deficiency of the P.A. factor.-A deficiency of the P.A. factor may theoretically be brought about in four different ways: (i) Deficient intake of extrinsic factor; (ii) deficient secretion of intrinsic factor; (iii) faulty absorption or utilization of P.A. factor; (iv) faulty storage of P.A. factor. A deficient intake of extrinsic factor may possibly play a small part in the sntiology of many megalocytic hyperchromic anaemias. It is probably the essential aetiological factor in tropical megalocytic hyperchromic antmia. This type of ansemia is common in Indian natives whose diet is often extremely deficient, but rare in Europeans. It is invariably cured by marmite, i.e. an autolysed yeast product, which, as already discussed, appears to be a rich source of extrinsic factor. There is deficient secretion of intrinsic factor in Addisonian pernicious aneemia. This was shown originally by Castle and his colleagues, who found that beef-muscle pre-digested with gastric juice from patients suffering from this disease failed to induce a remission, while beef-muscle pre-digested with healthy gastric juice was effective (Castle, 1929; Castle, Townsend and Heath, 1930) . A few patients may possibly still retain the power to secrete small quantities of intrinsic factor, as evidenced by some response to large doses of marmite (Ungley, 1933; Ungley and James, 1934) . Faulty absorption of the P.A. factor is usually assumed to explain certain cases in which liver given by mouth is ineffective while liver given by intramuscular injection is satisfactory. In some such cases the presence of intrinsic factor in the gastric juice has been demonstrated. Many examples of sprue, some of megalocytic hyperchromic anaemia associated with organic lesions of the intestinal canal and probably all cases of idiopathic steatorrhoea fall into this group. It is possible, however, that utilization, rather than absorption, may later prove to be at fault (Vaughan, 1934) . More recently, attention has been drawn to a group of cases in which megalocytic hyperchromic anaemia has been associated with diseases of the liver. It is possible that some have a true Addisonian pernicious anaemia accidently associated with cirrhosis, but in some instances the picture is not typical of Addisonian anemia and it would appear reasonable to suppose that there is defective storage in the damaged liver (Wintrobe and Shumacher, 1933) . In some such cases intrinsic factor has actually been demonstrated in the gastric juice (Wintrobe and Shumacher, 1933) . In others the cirrhotic liver has been shown to contain no P.A. principle (Goldhamer, Isaacs and Sturgis, 1934) . Unfortunately in no instance has the complete experiment yet been performed, i.e. the presence of intrinsic factor in the stomach been demonstrated during life and the absence of the P.A. factor from the liver after death. Dual deficiency.-Tt is important, from a practical point of view, to remember that, though the essential deficiency in the megalocytic hyperchromic anaemias is that of the P.A. factor, there may also be an associated mineral deficiency.
Following certain observations of Murphy (1933) I have recently given all my cases of Addisonian pernicious anemia on maintenance treatment 90 grains of iron and ammonia citrate daily in addition to liver extract. The clinical results have been striking; without exception the patients feel better and ask to continue the large doses of iron. In some cases this clinical improvement has also been associated with a slight but definite rise in total red-cell counts and hbemoglobin. Thus patients whose red-cell counts I had never been able to raise above 4,500,000 now have counts consistently over 5,000,000 per c.mm. In the case of megalocvtic hyperchromic anaemias associated with intestinal lesions it is even more important to remember the possibility of a dual deficiency. Recent work on the treatment of idiopathic hypochromic anaomia by bile salts in addition to suboptimal doses of iron suggests that in mineral deficiency anaemias also lack of the metal may not be the only deficiency present (Patek and Minot, 1934) . It is essential in treating deficiency diseases in man, especially the anamias, to remember that an adequate diet must be given as well as specific therapy.
Dr. S. J. Hartfall (Leeds) said he had discovered hypochromic antmia of various grades of severity among nearly one-third of 100 cases previously subjected to gastrectomy for gastric ulcer or cancer. These and other cases of anfemia following gastro-enterostomy had been studied. In 33 -the hoemoglobin found was between 18 and 70%. In the remaining seven the anwmia was slight. The degree of haemoglobin deficiency appeared to be independent of the original condition (ulcer or cancer) and of the nature of the operation performed (partial gastrectomy or gastro-enterostomy) and not directly related to the amount of stomach tissue excised. It was present in females three times more often than in males. It was essentially non-hoemorrhagic; only in four cases had traces of blood been found by the occult blood test. The clinical condition corresponded with idiopathic hypochromic anaemia and among the 40 cases nearly one-third had glossitis, half, perleche, quarter, nail-dystrophy (one koilonychia). Splenomegaly was present in the seven most severely an8emic cases. Fragility was normal. The important differences were the superadded gastro-intestinal symptoms of which the patients complained following their operations. Thus 75% bad either constant or severe attacks of abdominal pain, 60% vomiting attacks with pain, 80% flatulence and distension and 60% attacks of diarrhioea. With the gruel test-meal all the cases showed excess bile with apparent achlorhydria but when the test was repeated in 24 cases, using histamine, nine secreted free acid. X-ray observations revealed a remarkable degree of rapid gastric exit and intestinal transit. Frequently the bulk of the meal would reach the lower ileum and c8ecum in less than half an hour. This was of importance in the wetiology of the ansemia for the whole upper intestinal absorption area, where iron was absorbed, was thrown out of action. One further point was of importance: owing to their gastro-intestinal symptoms the patients were led to adopt extraordinary diets which were frequently hopelessly inadequate in mineral and other hlmatinic principles. Thus, to further embarrass grossly disturbed gastro-intestinal function, the dietary intake was found to be extremely poor. The combination of these factors was, he thought, sufficient to explain the hypochromic anaemia, fundamentally an iron-deficiency anaemia, in these cases.
Dr. Price-Jones asked (1) what baematological standards were used in the diagnosis of anamias in animals, (2) what were the health limits for red-cell counts and haemoglobin percentage, and (3) whether the sizes of the red cells were considered in determining the different types of anaemia.
Dr. F. Parkes Weber wondered whether absence of the intrinsic principle of Castle was invariably associated with absence of hydrochloric acid and pepsin from the gastric secretion.! Was this intrinsic principle increased in cases of (apparently primary) polycytbohmia rubra? He had met with temporary achlorhydria in a typical case of erythrnemia--splenomegalic polycythamia or the Vaquez-Osler -syndrome.
Dr. S. C. Dyke said that the tissues in the remission stage of pernicious anaemia showed so much iron that it was difficult to believe that there could be any benefit in giving more; at three post-mortem examinations of pernicious aneamia subjects, whose blood had been restored to normal by liver treatment and who bad died from other causes, he had found that the tissues failed to give the macroscopical chemical tests for iron. He agreed that iron had a place in the treatment of pernicious anaemia but not in the early stages. The indication for iron was a fall in the colour-index which might occur after even a few weeks of liver treatment.
If he had understood Dr. Janet Vaughan rightly, she had said that there was evidence to show that the deficiency of the P.A: factor in the disease might be only partial. If this were so, he wondered why half-way or transitional cases were never seen, since patients suffering from pernicious anaemia either had the disease or did not have it. Nevertheless, the great differences found in maintenance dose of liver gave some support to the view that the deficiency might be partial. He had found that the maintenance dose might range from 2 c.c. of a parenteral preparation every six weeks to double that amount twice weekly.
Sir John Boyd Orr (in reply to Dr. Price-Jones) stated that in most practical studies so far, only haemoglobin estimations had been made; the immediate aim was to find a cure. Further studies on the type of anmmia were required. Few data existed on the normal variation in red-cell count or haemoglobin percentage in domestic animals. Carr Fraser, working at the Rowett Institute, had made an extensive study on sneep, and had found that the variation in healthy sheep was unexpectedly wide.
